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The lipid packing structures in biomembranes are thought to be closely related to their
biological functions. Cholesterol is widely distributed in biomembranes and suggested
to control the biomembrane physical properties through the modification of the lipid
molecular packing structures, and to play a key role in the functional microdomain called
“lipid raft.”
When cholesterol is added to phospholipid bilayers in the liquid-disordered (Ld)
phase, the liquid-ordered (Lo) phase, which is closely related to the lipid raft structure,
is known to be formed. In order to reveal the mechanism of the Lo phase formation
and the molecular interactions between phospholipids and cholesterol, we thoroughly
examined the dependence of the physical properties of saturated diacylphosphatidylcholine
(diacyl PC)/cholesterol binary bilayers and monolayers on the cholesterol concentration
by increasing data points.
The specific volumes of dimyristoylphosphatidylcholine (DMPC), dipalmitoylphosp-
hatidylcholine (DPPC) and distearoylphosphatidylcholine (DSPC)/cholesterol binary
bilayers were measured by the buoyant density method with H2O/D2Omixed solvents with
higher accuracy and more cholesterol concentrations than in previous works to provide
reliable basic data for discussion about diacyl PC – cholesterol interaction in the Lo phase.
As a result, we succeeded in clearly identifying several phase regions. Moreover, detailed
analyses of the obtained results according to the standard method gave reliable partial
molecular volumes of diacyl PCs and cholesterol in the Lo phase. The obtained partial
molecular volumes of DPPC and DSPC in the Lo phase were located just in the middle
between those in the Ld and gel (Lβ′) phases whereas the partial molecular volume of
DMPC in the Lo phase seemed to be close to that in the Ld phase. These results suggest
that there may be no specific degree of trans-gauche isomerization in the hydrocarbon
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chain that stabilizes the Lo phase. On the other hand, each of the partial molecular
volumes of cholesterol in the Ld, Lo and Lβ′ phases was almost constant irrespective of
the hydrocarbon chain length of diacyl PC.
The surface pressure – area (pi− A) isotherms of DMPC, DPPC and DSPC/cholesterol
binary monolayers were systematically measured with great care to get insight into the
lateral molecular packing in these binary systems. The average molecular area A, the
area elastic modulus C−1s and the excess Gibbs free energy of mixing ∆Gex at a given
surface pressure were calculated as a function of cholesterol mole fraction xchol. As a
result, data reliable enough for the analysis of detailed phase behavior were obtained. We
identified several characteristic phase regions and assigned the phase state in each region
on the basis of the deviation of the A(xchol) and C−1s (xchol) from the ideal additivity. We
also estimated the partial molecular areas of diacyl PC and cholesterol in the single-phase
regions, where C−1s (xchol) values are on an ideal additivity curve. Finally, in order to
explain the A(xchol) and C−1s (xchol) profiles semiquantitatively, we introduced “vicinity
lipids” surrounding sparsely distributed cholesterol molecules in the low xchol region. We
also found that addition of cholesterol induces a highly condensed phase (here we call
“the cholesterol-induced condensed (CC) phase”), in which the molecular area of diacyl
PC is smaller than that in the solid phase, irrespective of the hydrocarbon chain length of
diacyl PC and the surface pressure. In order to explain the phase behavior in the low xchol
region by introducing these ideas, we demonstrated that the assumption of three states for
each of diacyl PC and cholesterol can explain sufficiently the behaviors of the A(xchol)
and C−1s (xchol) in the DPPC/cholesterol monolayer system at 30 mN/m except for the high
xchol region. Thus, the pi − A isotherms with high accuracy are very useful for the analysis
of the phase state in the cholesterol-containing binary monolayer system.
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